Abstract One difficulty in the conservation of endangered wildlife is the lack of reliable information on its status. This lack of knowledge can often be attributed to financial and logistic constraints as well as the lack of trained personnel to collect data. We test a simple method to study bears in the southern Balkans by inspecting power poles, which are used by bears for marking and rubbing purposes. We created a network of barbed-wire fitted poles for the collection of hair samples, evenly distributed throughout six study areas. During 87 sampling sessions in the main study area, we collected 191 samples and identified six microsatellite loci that were variable enough for individual bear identification. The most and best-quality hair samples were collected during the mating period, and DNA was most successfully extracted from samples remaining <4 weeks in the field. In the six study areas, we identified 47 bears. An advantage of using power poles for hair sampling is their availability and accessibility; no bait is required, and the network can be easily set up. A drawback may be an unequal capture probability of sex and age classes of bears. Despite this limitation, using power poles proved to be a simple and cheap method for the noninvasive genetic study of bears that did not require any prior knowledge on habitat use and activity patterns. The method is suitable for large-scale surveys to estimate distribution and relative densities of bears and could also be applied for studying other species.
Introduction
Several species of terrestrial mammals are critically endangered, and some will perish unless effective conservation measures are implemented soon (Ceballos and Ehrlich 2002; Schipper et al. 2008) . Large carnivores are often species of particular conservation concerns (Boitani 2000; Breitenmoser et al. 2000; Swenson and Sandegren 2000) . Despite costly recovery efforts, our general knowledge over the status and biology of many large carnivores still remains incomplete (Karanth and Chellam 2009), and Communicated by H. Kierdorf wildlife ecologists and conservation biologists are constantly in search of new methods to monitor and protect them more efficiently (Long et al. 2008) .
Noninvasive genetic monitoring has emerged as a sensitive, reliable, and time-and cost-efficient tool to deal with the inherent difficulties of studying rare, elusive, and often endangered animals (Schwartz et al. 2006) . Traps for collecting hairs for subsequent genetic analysis have been successfully used across a wide range of species and geographical locations (Belant 2003; Long et al. 2007; Castro-Arellano et al. 2008) . To increase the reliability of methods and results of genetic studies, Waits and Paetkau (2005) recommended carrying out pilot studies prior to initiating a new study in order to determine the optimal study method.
The brown bear (Ursus arctos) is the most widespread bear species in the world, with a Holarctic distribution in Europe, Asia, and North America (Servheen et al. 1999) . In Europe, human persecution and habitat loss have led to the disappearance of the species from large parts of its original range (Zedrosser et al. 2001) . Bear populations in the southern Balkans, i.e., in Albania, the Former Yugoslav Republic of Macedonia (FYROM), and Greece, are considered to be particularly endangered, not only because of their small sizes but also due to the lack of systematic and coordinated efforts to study and protect them (Zedrosser et al. 2001) . Considering the socioeconomic changes currently taking place throughout the region and their potential effects on habitat connectivity (Karamanlidis and Mertzanis 2003; Karamanlidis and Georgiadis 2009) , there is an urgent need for a method to rapidly and reliably obtain data on the status and distribution of the species.
Marking and rubbing behavior of brown bears on poles of the electricity and telephone network (hereafter referred to as power poles) was recorded in Greece in 2003, and a method was developed to document the presence of the species in the country. As a result of the marking and rubbing behavior of the species, bear hair was commonly found on power poles (Karamanlidis et al. 2007) . We have used the hair left from this behavior to study brown bears with a noninvasive genetic method. The specific aims of our study were to:
1. Design a protocol for the systematic noninvasive genetic study of brown bears using hairs found on power poles. 2. Test the protocol on a large geographic scale in the southern Balkans.
Materials and methods

Pilot study area
The protocol for our systematic noninvasive genetic study of brown bears was developed and initially tested in a pilot study area of 630 km 2 in the Prefecture of Grevena, in the central part of the Pindos Mountain Range in northwestern Greece (Fig. 1) . Major forest vegetation types consisted of oak (Quercus sp.) and black pine (Pinus nigra). The area was characterized by a mosaic of dense forests, openings, and small-scale agricultural cultivations. Elevations ranged between 500 and 2,200 m, and human activity was intense at lower elevations. This pilot study area was located at the center of the species' western nucleus of distribution in Greece (Mertzanis 1994) and is the construction site of two major highways (Karamanlidis and Mertzanis 2003; Karamanlidis and Georgiadis 2009) .
Study area in the southern Balkans for the large-scale testing of the method We tested the protocol on a wider geographical scale in areas of known and expected bear distribution within Greece, Albania, and FYROM (Mertzanis 1994; Zedrosser et al. 2001; Karamanlidis et al. 2007 ; Fig. 1 ). In addition to resampling our pilot study area, we selected areas at the prefectures of Florina and Trikala and at Mount Grammos, within the western nucleus of the distribution of the species in the country (Mertzanis 1994 ; Fig. 1 ). The study area in Florina was located north of the pilot study area, was 1,017 km 2 large, and was densely populated by humans. Mount Grammos is a sparsely populated, high mountain massif northwest of the pilot study area; the study site there was 740 km 2 . The study site in Trikala was 708 km 2 and was separated from the pilot study area by an interstate road.
Study areas in Albania (496 km 2 ) and FYROM (5,615 km 2 ) were selected in the southern parts of both countries adjacent to the borders with Greece (i.e., the study areas in both countries constituted an extension of the study areas at Mount Grammos and the prefecture of Florina, and the habitat was very similar), in order to collect information that could eventually be used in the transborder management and protection of the species (Fig. 1) .
Sampling procedures of the pilot study Power poles are made of wood (approximately 30-50 cm in diameter and 10 m high) and processed with a wood preservative (i.e., coal tar creosote, a substance derived from tars) to resist decay and insect damage. Depending on topography, poles are usually placed 50 to 100 m apart, and vegetation is cleared 5 m from each side of the power pole line. At the beginning of our pilot study, we inspected all 841 power poles present in the pilot study area and classified them according to the intensity of their use (i.e., how intensively they were used for marking or/and rubbing by bears) by applying the classification system developed by Karamanlidis (2008;  Table 1 ). Power poles (N=39) evenly distributed across the study area were selected for the creation of a noninvasive, genetic sampling network, and whenever possible we used poles with a high intensity of use. Each power pole/sampling station was fitted with barbed wire (Kendall and McKelvey 2008) . All hairs found on one barb of the barbed wire on a given power pole were considered as one sample; all samples were macroscopically examined and classified according to their quality, i.e., the number of existing guard hairs (sample category 0: no guard hairs in the sample, I: one to five guard hairs in the sample, II: six to ten guard hairs in the sample, III: more than ten guard hairs in the sample). We defined also three periods for data collection; period A: hibernation (JanuaryApril); period B: mating (May-August); period C: hyperphagia (September-December). These broad sampling periods were defined considering the general activity and Fig. 1 Map of the southern Balkans indicating the locations of the six study areas in Albania, the Former Yugoslav Republic of Macedonia (FYROM), and Greece (Florina, Grammos, Grevena, Trikala), the power poles inspected, and the poles that were used as sampling stations for genetic sampling Table 1 Number of power poles used in six networks for genetic sampling and their intensity of use by brown bears (I: low rubbing activity; II: low marking activity; III: medium marking and rubbing activity; IV: heavy marking activity; V: heavy marking and rubbing activity; see Karamanlidis et al. 2007 and Karamanlidis 2008 N/100 km 2 is a density index of the sampling network, calculated as the number of sampling power poles divided by the size of the study area in 100 km 2 Table 1 Number of power poles used in six networks for genetic sampling and their intensity of use by brown bears (I: low rubbing activity; II: low marking activity; III: medium marking and rubbing activity; IV: heavy marking activity; V: heavy marking and rubbing activity; see Karamanlidis et al. 2007 and Karamanlidis 2008 for more information on these categories) in the southern Balkans (April-May 2008) habitat use patterns of brown bears in these latitudes (Huber and Roth 1992; Mertzanis et al. 2005 Mertzanis et al. , 2008 Fernandez-Gil et al. 2006) , taking into account specific environmental conditions in Greece. During mild winters, some bears in the country appear to be active and have been recorded to mark and rub on power poles throughout the winter (Karamanlidis 2008) . We determined the best time period for sample collection by comparing the total number of samples collected and the quality of samples of each power pole sampling session in each period. We estimated the density of the sampling network by dividing the number of power pole sampling stations by the size of a study area.
All samples collected from each power pole per month belonged to the same power pole sampling session. Genetic analysis of a power pole sampling session started with category III samples and ended with these samples if they provided enough DNA for genetic analysis. If not, we continued with the analysis of category II samples until we either were able to extract DNA or we ran out of samples. The quality of each power pole sampling session was characterized by the category of the sample that provided enough DNA for genetic analysis. To monitor the effect of field conditions on the amount and quality of DNA extracted and to determine the best frequency for the inspection of power poles and collecting samples, we collected hair samples on a monthly basis in periods A and B (intensive sampling period) and once in period C (nonintensive sampling period) and compared the percentage of power pole sampling sessions that had samples from which DNA could be extracted between the two sampling periods.
Individual and sex identification of brown bears
Hair samples were placed in paper envelopes without contacting human skin and then stored at room temperature in ziplock bags with silica gel (Roon et al. 2003) . For every collected hair sample, DNA extractions were performed using the DNeasy Blood and Tissue kits (QIAGEN, Hilden, Germany) following the manufacturer's instructions. We aimed at using ten guard hairs where available. All extractions took place in a building in which amplified DNA had never been handled.
To identify the loci that could be used for identification of individuals, we used 49 samples collected in the pilot study area, which we screened at the markers G1D, G10C, G10P (Paetkau et al. 1995) , G10J (Paetkau et al. 1998) , and MU05 and MU59 (Taberlet et al. 1997) . Sex identification was established through the analysis of the amelogenin gene (Ennis and Gallagher 1994) .
Thermal cycling was performed using an MJ Research PTC100 thermocycler with 96-well "gold" blocks. Polymerase chain reaction (PCR) buffers and conditions were according to Paetkau et al. (1998) , except that markers were not coamplified, as coamplification reduced success rates for hair samples (Paetkau, personal communication) . We used 3 µl of DNA extract per PCR reaction, except during error checking, when 5µl was used; this way, bad samples were culled efficiently, and we did not run out of DNA at samples that needed a lot of cleanup. [MgCl 2 ] was 2.0 mM for all markers except G10J (1.8 mM). Microsatellite analysis used ABI's four-color detection system; we used an automated sequencer (ABI 310), and genotypes were determined using ABI Genescan and Genotyper software. Error checking and general quality assurance followed the recommendations in Paetkau (2003) and Roon et al. (2005) and summarized by .
Test of a large-scale genetic study of brown bears in the southern Balkans Based on the experience acquired in the pilot study, 2,568 power poles were inspected in the six study areas in 2007 (the pilot study area was revisited because since 2005 several power poles had been added to the local electricity network) and classified according to their use by bears (see methods of the pilot study). Based on the geographical distribution of the power poles and their use by bears, we created a sampling network of 272 power poles, which were fitted with barbed wire in March 2008, thus creating six local sampling networks (Fig. 1, Table 1 ).
Based on results of the pilot study for the best period for sampling and the quality of the samples obtained, the six sampling networks were inspected once monthly in April and May 2008. The genetic study of the hair samples collected followed the same guidelines and was based on the loci described for the pilot study.
Results
Results of the pilot study
We collected 191 hair samples during 87 power pole sampling sessions during the monthly inspection of the sampling network in the pilot study area ( Table 2 ). The number of hair samples collected in the three periods differed statistically (Friedman test X 2 10.425, df 2, P<0.05); 58% of the samples were collected during the mating period (mean number of samples collected per power pole: hibernation period 1.3, mating period 2.78, hyperphagia period 0.70). The quality of the sampling sessions in the three periods also differed statistically (X 2 test of association 18.724, df 6, P<0.05). During the hibernation period, we collected more category 0 samples than expected, whereas we found more high-quality samples than expected during the mating period. Finally, DNA was successfully extracted from 78% and 82% of the samples collected after remaining <4 weeks in the field, but only 25% of the samples collected after >4 weeks yielded enough DNA for subsequent use in genetic analysis.
The six loci screened were polymorphic with five to eight alleles and had a mean expected heterozygosity of He = 0.76 (Table 3) . In our dataset, we found 17 3mismatch pairs, which would lead to an approximate expectation of 1.7 2mismatch pairs, 0.17 1mismatch pairs, and 0.017 pairs of individuals with identical six-locus genotypes. The observation of no 1mismatch or 2mismatch pairs indicates that it was unlikely that we underestimated the number of individuals by sampling any pairs of individuals with matching multilocus genotypes (Waits and Paetkau 2005) . We considered therefore the loci chosen in our pilot study to be variable enough and suitable for individual identification of brown bears in the region.
Results of the large-scale genetic study of brown bears in the southern Balkans
The overall density of the six sampling networks ranged from 0.58 to 9.72 sampling stations per 100 km 2 . During the inspection of the sampling networks, 328 hair samples (149 in April, 179 in Mai) were collected, and 76 samples were of high enough quality (i.e., contained hair follicles) and genetically analyzed. Forty-seven unique genotypes were identified; these included four females (three in May in FYROM and one in May in Greece/Grammos) and six individuals that were recaptured (five individuals were recaptured once and one individual was recaptured twice; one individual was captured in April in Greece/Trikala and Greece/Grevena). In total, in the study areas in Albania, FYROM, Greece/Florina, Greece/Grammos, Greece/Grevena, and Greece/Trikala, we identified one, four, ten, sixteen, twelve, and four different individuals, respectively (Table 4) .
Discussion
Inspection of power poles for bear hairs has been part of a recent noninvasive genetic study of brown bears in northwestern Montana (Kendall et al. 2009 ); however, the present study is the first one to rely exclusively on the inspection of power poles to study brown bears. The installation of a network for sampling brown bear hair using power poles and its systematic inspection led to the collection of enough samples to initiate the first genetic study of the species in the southern Balkans. The six genetic markers selected enabled the identification of 47 individuals.
Noninvasive sampling has become an essential tool in assessing genetic and demographic parameters of endangered bear populations around the world (Taberlet et al. 1997; Bellemain et al. 2007; Gervasi et al. 2008; Kendall et al. 2009 ). Collecting hair from rare and elusive animals usually involves the setting of (baited) hair snares/traps in the field (Kendall and McKelvey 2008) or the collection of hair from rub trees; such methods require detailed information on bear habitat and activity, scientific expertise, and considerable logistic and financial resources (Kendall et al. , 2009 ). The approach used in this study took advantage of the natural behavior of the research species and did not require the use of bait. As power poles are found at fixed, easily identifiable, and easily accessible locations that cover a large area, there is no need for extensive prior knowledge of bear behavior or habitat use. These advantages make the method ideal for use with volunteers (Sadlier et al. 2004) , in cases of conservation urgency and/or logistic and financial constraints. In addition, power poles may also be used to monitor other species; wild boar (Sus scrofa) used the poles for marking and rubbing purposes, as shown by numerous hair samples collected during the course of this study. Observations carried out during a study on the marking behavior of brown bears in the pilot study area using infrared cameras (Karamanlidis, unpublished data) indicate that a modification of the approach presented in this study using bait could be used to monitor stone martens (Martes foina) and pine martens (Martes martes).
The number of hair samples collected from the power poles was highest in late spring and early summer and was directly associated with the marking and rubbing behavior of brown bears (Fig. 2) . Marking and rubbing in bears are a ubiquitous, but still poorly understood, aspect of the species' behavior (Green and Mattson 2003; Karamanlidis et al. 2007 ). The greater marking and rubbing activity of brown bears in our study area coincided with the mating season of the species in these latitudes (Fernandez-Gil et al. 2006) and was most probably associated with it. Similar behavior has been also suggested for grizzly bears in North America (Green and Mattson 2003) and other carnivore species (Schmidt and Kowalczyk 2006) . Power poles are prominent features of the landscape at regular intervals and are, in addition, treated with creosote, a strong smelling substance used to protect the wood against rotting. These characteristics most likely make them a preferred place for marking and rubbing purposes. Considerable effort has been invested in identifying the most suitable storage methods for the preservation of genetic material from bears that will guarantee the best DNA amplification rates (Murphy et al. 2000 (Murphy et al. , 2003 Roon et al. 2003) . In contrast, little is known about the effect of field conditions on DNA amplification rates. Our results indicate that the quality and amount of DNA extracted from hair samples decrease the longer the samples remain in the field, similar as with scats (Piggott 2004; Bellemain et al. 2007) . Generally, the quality of hair samples was lowest directly after hibernation, a time with increased energetic requirements, reduced food availability, and loss of body mass at these latitudes ).
Applying the research guidelines defined in this study, we managed to collect valuable information on brown bears in the region that would have been difficult to collect otherwise. The genetic information collected should be considered the first step in a larger and more comprehensive study of the genetic status of the species in the region. The analysis of more samples at more loci from the six study areas will enable the evaluation of genetic diversity, population structure, and gene flow of brown bears in the southern Balkans. Additional information collected during the study included behavioral data (patterns of male and female rubbing and marking activity), patterns of habitat use, and information on movements of individuals within and between study areas; one individual was even captured on two sides of a highway which may be a potential migration barrier for bears. The long-term application of this approach should enable a more thorough study of habitat use and activity patterns of the species in the region.
Marking behavior in bears is mostly carried out by adult males during the mating season (Burst and Pelton 1983; Rogers 1987; Green and Mattson 2003) , which we also found. Anecdotal evidence (Karamanlidis, unpublished data) suggests furthermore that adult females with cubs also visit the power poles; however, our genetic results show that they do not seem to rub/mark as often as males. Adding a barbed-wire fence acting as hair trap around the power pole sampling station may yield samples of the portions of a bear population that are less likely to engage in marking behavior. In their recent study in Glacier National Park using rub trees, documented unequal capture probabilities of individual bears depending on age class, sex, and distance of bears from nearest rub tree. Therefore, if sampling of power poles is to be used as a method for demographic or capturerecapture analyses, then potential differences in capture probabilities must be considered. Brown bear populations in Albania, FYROM, and Greece have been estimated to number less than 250 individuals in each country (Zedrosser et al. 2001) ; however, these estimates can merely be considered educated guesses. The sampling network established in Greece appeared to be dense enough to estimate a minimum population size, as it enabled the identification of 42 individuals over a 2-month period. In comparison, five individuals were identified in FYROM and Albania. In FYROM, the sampling network currently does not appear to be dense enough, and the location of more sampling stations is necessary in order to identify more individuals. In Albania, the method does not seem to be applicable, as wooden power poles have been replaced with concrete power poles, which are not attractive for marking and rubbing by bears.
Conservation actions for the protection of brown bears in the southern Balkans have been hampered by the lack of reliable information on the status of the species in the region. Little information is available from Greece (Vlachos et al. 2000; Mertzanis et al. 2005; Kanellopoulos et al. 2006; Karamanlidis et al. 2007) , and to our knowledge no published information is available from Albania and FYROM, besides a population estimate (Zedrosser et al. 2001) . The main reasons for the lack of knowledge in the southern Balkans are the logistic and financial constraints and the lack of trained personnel necessary for the collection of field data on brown bears. The use of power poles as a simple and cheap field method for the noninvasive genetic study of bears can reduce these problems and therefore be important for conservation. The inspection of power poles and the collection of hair samples in our study required one person in Albania and FYROM and two people in Greece, resulting in minimal organizational, financial, and logistic resources. We therefore believe that the use of power poles that have been treated with creosote, for the collection of hair samples, is a methodological approach suitable for especially small budgets.
We recommend that sampling should be focused on the mating season and that sampling stations should be visited at least once a month to ensure the quality of the samples for later genetic analysis. A density of >1.1 power poles of category V per 100 km 2 was successful in Greece and can be used as a recommendation for spatial sampling intensity. The results of our study in combination with livestock and crop damage data (Hellenic Agricultural Insurance Agency, personal communication) and brown bear distribution data in Greece (Karamanlidis, unpublished data) indicate that the density of power poles in relation to the intensity they are being used by bears for rubbing and/or marking is positively correlated to the density of brown bears in a given area. Therefore, spatial sampling intensity will depend on individual bear density, and study designs in other areas might have to deal with a lower density of category V poles and/or a higher percentage of lowerquality power poles. A further disadvantage of our method may be that the possibilities for a random study design or an increase in the density of sampling stations is reduced by having to use fixed locations. It should be noted that our method might not be applicable any more in some countries where wooden power poles have been replaced with concrete ones or with wooden ones that have not been treated with creosote.
In Greece, the monitoring network established in this study could serve as a basis and should be expanded to the south and northeast in order to cover the entire range of the western subpopulation. In FYROM, the current network should be expanded to the north and intensified. In Albania, due to the special circumstances in the parts of the country where this study was carried out, monitoring of the species has to rely on data from multiple sources . Considering the logistic and financial constraints for bear research and conservation in the southern Balkans, an extensive network of power pole sampling stations and their regular inspection in the region are currently underway (Karamanlidis et al. 2009 ). The application of a common methodology throughout the southern Balkans will enable the comparison of results and provide the baseline scientific information that has been identified in the Action Plan for the Conservation of the Brown Bear in Europe as a priority action for the effective conservation of the species in the region .
